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SOAR Research – Faculty Proposal – Summer 2015 

Nucleotide Content Effect on the DNA-Binding of Metal Compounds 

Faculty: Shari U. Dunham, Ph.D. and Stephen Dunham, Ph.D., Associate Professors of 
Chemistry 

Student:  Taylor Blake 
Project Start Date: June 1, 2015 
Length of Project: 10 weeks 

Description of the project 
Nucleotide Content Effect on the DNA-Binding of Metal Compounds 

Chemical compounds that contain transition metals can bind to biological molecules (like DNA) 
and cause structure changes that lead to significant changes in biological function.  For example, 
one transition metal complex is commonly known as cisplatin; It contains a platinum atom at its 
core and is believed to cause cell death by binding to a cell’s DNA, changing the shape and 
energy of the DNA, and ultimately interfering with normal DNA processing.  Since cisplatin is 
an effective drug for the treatment of a variety of cancerous tumors, we make and study other 
transition metal compounds that bind to DNA, interfere with normal DNA processing, and lead 
to cell death (are cytotoxic or “toxic to cells”) in the hopes of identifying potential new antitumor 
drugs. 

Our research has shown that, like cisplatin, a series of rhodium (Rh) compounds can bind to 
double-stranded DNA and that minor changes in the functional groups of these rhodium 
compounds can greatly affect the rate at which they bind to DNA.1,2 More recently, we have also 
explored which nucleotide bases (A, T, G or C) in DNA may be targeted for rhodium binding by 
one of these rhodium compounds.3 In these DNA-binding studies, we have used commercially 
available high purity samples of double-stranded DNA (dsDNA) from salmon sperm. Like all 
dsDNA, the DNA from salmon sperm is made up of four nucleotide units, commonly 
abbreviated as A, T, G and C, and these units pair in the double helix such that A is always 
paired with T, and G is always paired with C.  Although the amount of A in such a DNA sample 
is always equal to the amount of T (since these two units are paired in the helix), and the amount 
of G is always equal to the amount of C, the relative amounts of A+T and G+C can vary 
significantly from one kind of organism to another (the G+C content in salmon sperm DNA is 

1 S.U. Dunham, A.E. Burr, S. Mikulski, H.T. Chifotides and K.R. Dunbar, “Covalent Binding and Interstrand Cross-
Linking of Duplex DNA by Dirhodium(II,II) Carboxylate Compounds”, Biochemistry 44(3), pp 996-1003 
(2005). 

2 S.U. Dunham, T.S. Remaley, B.S. Moore, D.L. Evans and S.U. Dunham, “Isolation, Characterization, and DNA 
Binding Kinetics of Three Dirhodium(II,II) Carboxyamidate Complexes: Rh2(µ-L)(HNOCCF3)3 where L= 
[OOCCH3]-, [OOCCF3]-, [HNOCCF3]-“, Inorganic Chemistry, 50, pp 3458-3463 (2011). 

3 N. Knudsen, “Mass Spectrometry Analysis of DNA-Binding by a Novel Dirhodium Compound”, Moravian
College, Honors Thesis in Chemistry, May 2012. 
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41%)4.  The goal of this project is to explore metal binding to dsDNA that has a very different 
distribution of nucleotide content (77% A+T, 23% G+C), and to compare the rate and preference 
of metal-DNA binding to that of salmon sperm DNA.  By comparing the DNA binding rates and 
nucleotide binding preferences for a metal compound interaction with dsDNAs containing very 
different nucleotide content, we hope to better understand these metal-DNA interactions and 
inform future design of DNA-binding metal compounds with potential for antitumor activity. 

We are fortunate to have a source of purified dsDNA from Dictyostelium discoideum, a slime 
mold with a fully sequenced genome5 whose DNA has an extreme A+T content of 77%.  Our 
colleague Stanley Mauldin, Associate Professor of Biology and Biochemistry at Holy Family 
University in Philadelphia, harvests this organism for his research studies on DNA repair 
mechanisms and he has isolated and purified a dsDNA sample for us to study.  The project 
timetable below outlines experiments we plan with at least two different metal compounds and 
their interaction with dsDNA from either salmon sperm DNA (control) or D. discoideum. 

Roles and Responsibilities 
• A project director (Shari or Stephen Dunham) will be available to train Taylor on

procedures needed for Rh-DNA reactions and for DNA digestions, including
instrumental methods to quantitate DNA (UV-Vis), to determine DNA purity and size
(agarose gels), to measure rhodium concentrations in processed reaction time points
(GFAAS), and to analyze the digestion products of metal-modified DNA samples (HPLC
and MALDI-MS).  Project directors will also oversee Taylor’s data analysis in Excel and
visual representations of gel results and HPLC data in Microsoft Word or Powerpoint.

• Taylor will prepare and present at daily meetings (~15-30 min) with a project director.
• Taylor will maintain a research laboratory notebook that will include regular and

complete entries and have an updated table of contents at the beginning.  Entries will be
dated, clearly written and organized, and made at least daily with details of ideas for
experiments, planning of experiments, clear reference to location and organization of
electronic data for each experiment, and a summary of results from each experiment.
Project directors will look at Taylor’s notebook periodically and provide informal
feedback throughout the summer.  The notebook will be submitted to the project directors
upon completion of the Summer Research.

• Throughout the summer, Taylor will prepare a summary figure for each set of
experiments (with detailed figure caption!) to clearly illustrate the results.  These
summary figures will be submitted electronically to the project directors before
completion of the Summer Research.

• Taylor will be encouraged to present the results of her summer work in either a poster or
talk format at the Landmark Conference for Science Research near the end of the summer
(location and date TBD).  If Taylor does not continue this research into the 2015-2016
academic year, she will be required to submit a draft of a research report on her work
before the first day of classes in the fall.  If Taylor does continue this research in an
independent study during the 2015-2016 academic year, a final report/poster will instead
be due by the end of the independent study experience and in time for the Annual Student
Scholarship and Creative Endeavors Day in spring of 2016.

4 Sigma product information sheet: D1626 
5 Dicty DNA Database 



Project Timetable 
¨ Week 1: Safety training, lab orientation, pipettor calibration check, buffer preparation, 

preparing DNA solutions/dilutions, measuring DNA concentrations and purity by UV-
Vis, checking size and purity of both dsDNA samples by agarose gel (preparing, running, 
staining, imaging, preparing a gel results Figure). 

¨ Weeks 2-3: DNA-binding kinetics control experiments with cisplatin and each dsDNA 
sample.  New skills: reaction planning, centrifugal processing of time points, measuring 
Rh concentrations by GFAAS, Excel spreadsheet calculations, generating binding curves.  

¨ Weeks 4-5:  Repeat DNA-binding kinetics with one dirhodium compound and each 
dsDNA sample (same methods as in Weeks 2-3). 

¨ Weeks 6-7:  Enzymatic digestion of cisplatin-modified dsDNAs.  New skills: planning 
enzyme digestion reactions, HPLC separation of nucleotide standards and digested DNA 
solutions, isolation of HPLC peaks, preparation of HPLC sample for MALDI-MS, MS 
(mass spectrometry) analysis of standards and digestion product peaks. Generate figures 
for HPLC data and MALDI-MS data. 

¨ Weeks 8-9:  Repeat digestion experiments with one dirhodium compound and each 
dsDNA sample to see if there are any differences in digestion patterns or nucleotide 
preference in metal binding (same methods as Weeks 6-7). 

¨ Week 10: Perform any replicate measurements, prepare final tables and figures for 
presentation, complete lab clean up and appropriate cataloging of samples and reactions. 

Summary of benefits 
Student engagement in discipline-appropriate scholarly research.  Taylor will be engaged in 
biochemistry laboratory research that includes reading and summarizing primary literature, 
planning and performing experiments that require the biochemistry lab techniques and several 
new instrumental methods, and collecting/analyzing/organizing significant amounts of electronic 
data.  Contrasting to many of the teaching laboratories she has experienced so far, at each step in 
this project Taylor will be deciding (with supervision) what the data “tell her” and using that 
information to do her own planning for subsequent steps. In addition she will prepare and receive 
feedback on various visual representations of experimental results (preparing figures in a format 
appropriate for publication in a Chemistry journal).  The Drs. Dunham will also work with 
Taylor to prepare a scientific poster or talk for presentation of this work at a local and possibly a 
national conference.  

Impact on faculty, campus community, and discipline. Taylor’s work on this project will 
contribute to our knowledge of how DNA binding rates and nucleobase preferences of metal 
compounds might vary as the nucleotide content of the dsDNA varies.  Her work this summer 
will initiate experiments in our new collaboration with Professor Mauldin and allow for 
additional communications between the two research laboratories.  Her proposed summer project 
will also benefit the Dunhams by building upon our previous work to explore the nucleobase 
preference of rhodium dsDNA-binding, an area in which little has been published in our field. 
Taylor will be encouraged to present her work at local and national meetings and she will be 
required to present her results during the Annual Student Scholarship and Creative Endeavors 
Day in spring of 2015. 
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Proposed Expenses (beyond stipends) 
$250 Amicon Ultra-15 centrifugal filtration devices, MWCO 30kDa, pack of 24.  These devices 

are used to remove unbound rhodium compound from Rh-DNA reactions to prepare 
kinetics samples for analysis.  These devices are consumable and can each be centrifuged 
several times before their filtering capacity is compromised.  We will likely use at least 10 
of these devices for the proposed experiments. 

$150 DNA digestion enzymes (S1 nuclease ~$100, DNase 1 ~$60).  We have frozen stocks of 
each of these enzymes from 2012 but they are past their expiration date.  If the enzymes 
stocks still have sufficient activity (this can easily be checked in a control reaction), then 
we may not need these funds to purchase new stocks. 

$100 Graphite tubes (pk of 5) for PE AAnalyst 700 spectrometer.  These tubes are consumable 
parts of the spectrometer that need to be replaced every 100-200 measurements and are 
required to determine the amount of rhodium that is bound to a DNA sample in a kinetics 
experiment or prior to DNA digestion.  We routinely use ~3 of these tubes during a 
summer of research.   

$500 Total laboratory expense request 



Taylor Blake 
Biochemistry Major 

Project Title: Nucleotide content effect on the DNA-binding of metal compounds 
Moravian College Class of 2016 

Mentors: Dr. Shari Dunham and Dr. Stephen Dunham 
*Requesting On-Campus Housing

Two and a half years ago I started my undergraduate education at Moravian College with 
no real idea of “what I wanted to be when I grew up.” I always enjoyed and did well in science 
courses so I was leaning towards a major in the sciences. As a member of the women’s soccer 
team, it is not always easy to manage my time between labs, challenging course work, and 
practice but the enthusiasm and knowledge that my professors bring to class makes my job as a 
student that much easier. Now, as a junior biochemistry major, I am very happy with my 
decision. Every day I go into the classroom and I am amazed by how much there is to learn. All 
my courses are preparing me for a successful career in the sciences. 

I still am not definitely decided on what I’d like to do, but I think participating in the 
SOAR project with Drs. Shari and Stephen Dunham would provide me with a wonderful 
opportunity to gain real experience. I’ve worked in the lab in my semester long courses but 
SOAR would provide me with my first laboratory experience outside of my courses here at 
Moravian. Working independently, I will be using primary resources from scientific papers and 
laboratory notebooks from the research of other students. I will also learn many new laboratory 
techniques and build upon my previous laboratory knowledge.  

I could use this experience to potentially finalize my plans for after I graduate. There are 
opportunities in research for private companies in health care, chemical manufacturing, food 
chemistry, pharmaceutical development and many more as a lab technician or research assistant. 
Doing research this summer could prepare me and make me more appealing to work in the 
private research sector. If I go through the summer experience and determine I do not like 
working in the lab every day; it would be just as helpful to me. It could help me pursue aspects 
of my desired degree outside of the research lab. My involvement in Moravian’s SOAR program 
will allow me to gain first hand, invaluable research experience and help me determine whether 
scientific research could be a path I want to follow in my future after Moravian.  
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